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) Abstract 

a\ method of and an apparatus for weighing a continuous stream of fluent material (16) include a weigh me moans ' 
:h, in use, in the direction of How of the materia), is arranged in a plane which is at an acute angle relative to j venicd piar 
id measuring means (14) for measuring the load imparted by the material (16) to the weighing means ( 12), the load rrv asur; 
:ns (14' being arranged at substantially the same angle as the weighing means (12) to neutralise the effect of any fncti.-na! f 
generated between the material (16) and the weighing means (12), and the load measuring means (14) being operable to g 
e a first signal representative of mass of the material; a speed measuring means (18) for measuring the speed of flow of 
erial (16) and for generating a second signal which is representative of the speed of flow of the material ; and a process 
■as (38) for processing the first signal and the second signal to obtain an output signal which is representative of m.iss f! 
of the materia! 
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1 



a p p a r a:us 



nor 



w e i g h i n g a 



o : 



flue r. t material 



Description: 

This invention relates ro t h e ve:g;;i"': c f 
material, .'lore par:icularly r t h * invencicn relates 10 a 
method of, a r.d apparatus for, weighing a ccn:i:uoj3 
s t r e a n of fluent material. 



there is provided a method of weighing a continuous 
stream of fluent material which includes 

directing the material onto a weighing means which, 
in the direction of flow of the material is arranged in a 
plane at an acute angle relative to a vertical plane; 

measuring, in a plane substantially parallel to the 
plane in which the weighing means is a r ranged r the load 
applied by the material to the weighing means and 
generating a first signal representative of mass of the 
material; 

measuring the speed of flow of the material and 
generating a second signal representative of the speed of 
flow of the material; and 

processing the first signal .and the second signal to 
obtain an output signal which is representative of mass 
flow rate of the material. 



According to a first aspect of 



invention, 



The weighing means may comprise a weigh chute and 
the method may then include feeding the material into. the 
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weic p 



m e a p. s 



:eec m e a p. 3 



leas 



^ w ^ t 1 c p ci t p. e 1 e e c ^eans arranged 
c h u t e b e i p c arranced a 



substantially :;>2 s a m e a p p 1 ^ a s 



the weigh chute and being co-axialiy aliened 
weigh chute. Those skilled ip :he a:: will 



a r r a p. a 1 p a 



. p e s a i . 



t h e s a rr. e angle a s 
ip : h e feed m ,ea p s 



he weigh chute, 
s s t ao : 1 i sed i p 



then traverses the weigh chute at a s u b s t a p. t i a 1 1 y 
const apt speed. 



7" V~. O r- 



those skilled 
that, by measuring the load applied by the rr. at 
the weigh chute in a plane substantially oaral 
plane in which the weigh chute is arranged, 
any friction al forces generated between the material 
the weighing rr, e a n s is neutralised and it i 
to compensate for such frictional forces. 



h ° » c c <=> r r 



e c t o : 



p c t r.ecess^zy 



According to a second aspect of the inventiop, 
there is provided apparatus for weighing a continuous 
stream of fluent material which includes 

a weighing means which, in use, in the direction of 
flow of the material, is arranged in a plane which is at 
an acute angle relative to a vertical plane; 

a load measuring means for measuring the load 
imparted by the material to the weighing means, the load 
measuring means being arranced at substantially the same 
angle as the weighing means to neutralise the effect of 
any frictional forces generated between the material and 
the weighing means, and the load measuring means be in a 
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operable to generate a first sicnai r e p : e se n c a t L v-j of 
mass of the material; 

a speed measuring means for measuring the speed of 
flow of the material and for generating a second signal 
which is representative of the speed of flow of t n e 
material; and 

a processing means for processing the first signal 
and the second signal to obtain an output signal which I 
representative of r . s s flow rate of the material. 

The weighing means may comprise a weigh chute 
through which the material can pass. 

The apparatus may include a feed means for 
feeding the material into the weigh chute, at least that 
portion of the feed means arranged adjacent an inlet end 
of the feed means being at substantially the same angle 
as the weigh chute. The feed means may comprise a feed 
chute. The said portion of the feed means and the weigh 
chute may be similarly dimensioned and shaped. Further, 
the feed means and the weigh chute may be of a material 
having a iow co-efficient of friction. Thus, convenient- 
ly, the feed means and the weigh chute may be of polished 
stainless steel. 

The load measuring means may comprise a load 
transducer which supports the weigh chute. 



The speed measuring means may comprise a 
measuring wheel having a ribbed surface on which 
material impinges to rotate the wheel, the wheel 



speed 

the 

being 



a o Kg / 1 1 oh: 



■ 1 r 1 a P T »j * Js " .": P ~ ^ * o p 2 C p ; O W '3 1 Cj CPU" • * * 

.-roo J m -M s -j r : r.'.j "ea n ,3 ray fur t per ir.clu.io a ~< 
:.ear,.s for mo r. i c o r i ng speed of rocar ic:, of 

he s * i d c-co 



ccr. 



r. c i o r. : 3 r. o w descnroc c y 
o r.he accompanying diajra; 
:how3 h 3c r ,e"a r :c soc: icna 1 side vi- 
acco: Jar,:e w : c r. c p. e ; n v e p c : o p , for w -e : 
: ::^OuS s-.rean of fluer,*: m a t e r i a 1 . 



A t L C 



accordance w : p p. 
scream of flue p 
cesi c paced c e p e 



3 co c p e craw::,: , apparatus, i p 
t he invencicn, for weighing a cc; 
c nacer ial , is illustrated a p d is 
rally by c he reference p u r. e r a 1 10 



The apparatus 10 comprises a weighing means in 
che form of a weigh chuce 12 which is arranged in a plane 
which is a: an acuce angle relative co a vertical plane. 



oad measuring means in che form of a load transduce 



14 supports che weigh chute 12. The transducer 14 is 
arranged at substantially che same angle as the weigh 
chuce 12 c here by co neutralise the effect of fractional 
forces generated be ewe en che material 15 flowing through 
che weigh chute 12 and ceh weigh chuce 12 itself. 



A speed-measuring means 18 is arranged at an 
cutlet end 12.1 of che weigh chute 12. The speed- 
measuring means comprises a speed measuring wheel 20 
having a ribbed surface 22 on which che material 16 can 
impinge co cause che wheel 20 co rocace. 
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The wheel 20 is consc ruc r .ed of a relatively 
light- weight material to ensure low inertia and che w h e e 1 
20 is mounced on low- f rice ion bearings co ensure that che 
running speed of the wheel 20 is proporcional co :he 
speed of che scream of macerial 16 leaving che weigh 
chuce 12. A monicoring means in che form of a siocced 
disk 24 is fixed c o a s h a f c on which che s p e e d - m e a s u r i n g 
wheel 20 is mounced and che disk 24 r o c a c e s c o g e c h e r w i - : \ 
che wheel 20. The siocced disk 24 is operable co 
accivace a proximity swicch 26 which generates a signal 
comprising a pulse train representative of che speed of 
che scream of che macerial 16. 

The apparacus 10 furcher inclused a feed means 25 
for feeding che macerial 16 into an 'in let end 12.2 of che 
weigh chute 12. The feed means 23 comprises a feed chut"" 
30 having a curved portion 32 leading into a 
substantially rectilinear portion 34. The rectilinear 
portion 34 is arranged ac substantially the same angle as 
che weigh chute 12 and the load transducer 14. The shape 
of che feed chuce 30 ensures that the macerial 16 
arriving in the feed chuce 30 via an inlec opening 36 of 
che feed chuce 30 stabilises in che feed chuce 30 and 
slides inco che weigh chute 12 at a constant speed. The 
feed chute 30 and the weigh chuce 12 are made of polished 
stainless steel to reduce frictional forces generated 
between the portion 34 of the feed chute 30 and che weigh 
chute 12 and the material 16 sliding through the chutes 
12 and 30. 

In use, the material 16 to be weighed is fed inco 
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;he teed chj: e 3 0 through che inlet opening 26 r .: , .e:eo: 
and due :o t he shape of the feed chute 30 the speed c: 
the material is stabilised such that, when the material 
15 flows into the weigh chute 12 the material is 
travelling at a substantially constant speed. 

The load imparted by the material 16 to the we:': h 
chute 12 is measured by the load transducer 14 and a 
first signal representative of mass of the material i ; ; : 
generated by the load transducer and is fed to a 
processing means 38. The material 15 exiting the weitr. 
chute 12 impinges on the ribbed surface of the speed 
measuring wheel 20 causing it to rotate. The rotation of 
the wheel 2 0 causes the slotted disk 24 to rotate and 
this operates the proximity switch 26 to generate a 
second signal representative of the speed of the material 
16. The second signal is also fed to the processing 
means 33 . 

The processing means 33 comprises an 
amplification means 40 for. amplifying the signal received 
from the load transducer 14. 



The processing means 33 further comprises a 
multiplier 42 for multiplying the signal output from the 
amplifier 40 and the signal received from the proximity 
switch 26. An output from the multiplier 42 is then 
filtered and fed to a scaling and pulse conversion module 
44. The scaling and pulse conversion module 44 has two 
outputs which provide an indication of mass flow rate on 
a meter 46 and totalisation of material weighed on a 
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display 43. The processing means 33 comprises scar. Jard 
electronic com pone ncs which will be readily realisable to 
a person skilled in che art. Hence, the circuitry of the 
processing means 33 is not described any further. 

I: is an advantage of the invention that, other 
than the wheel 20, the apparatus 10 comprises no moving 
parts and hence the reliability of the apparatus 1 0 i s 
improved in comparison wich other weighing apparatus or 
which the applicant is aware. Further, due to the 
orientation of the load transducer 14 relative to the 
weigh chute 12, it is not necessary to compensate for the 
effect of frictional forces generated between the 
materials 16 and the weigh chute 12. 



can be used for any free or semi-free flowing materials 
and can be built and calibrated according to any capacity 
requ i r ement . 



The apparatus 10 in accordance with the 



i n v e n t i o n 



1, A m e t r, c c of we; en: n g a cor.: .:o^s s: : e a : 

m a t e r i a 1 comprising r he seeps: 

d i r o c t i n g :he m a c e r i a 1 or.:o a w 9 i a h i r. • g 
v:;icr, , :n r.he c:rec:ior cf flew cf t h e mato:ia 
arranged in a plane a t an acute angle r e 1 a t i v e 
vertical plane; 



measuring 



a o^ane s'jbsr.ar,;:?.. ;v 



•:ne plane in which -he weighing m e a n s i s arrange:, 
load applied by -he material r. o che weighing ^ears 
generating a first signal r e p r e s e n t a t i v e of mass c 
n a i e r i a 1 ; 

measuring - he speed of flow of z n e materia 
generating a second signal r e p r e s e n t a - i v e of r n e r 
flow of the material; an d 

processing the first signal and the second 
to obtain an cutout signal which is 



mass f i o v; rate or t n e materia^ 



2. The method as claimed in claim 1 in whicn 

weighing means comprises a weigh chute and in which tne 
method includes feeding the material into the weigh chut< 
by means of a feed means, at least that portion cf the 
feed means arranged adjacent the weigh chute being 
arranged at substantially the same angle as the weigh 
chute, and being cc-axially aligned with the weigh chute 



3. A novel method of weighing a continuous stream 

fluent material substantially as descrioed and as 
illustrated herein with r e f e r e nee to the accompanying 
diagrammatic drawings. 



9 



4. Apparatus for weighing a cor. cine us sere an of 

fluent material comprising: 

a weighing means which, in use, in the direction 
of flow of the material, is .arranged in a. plane which is 
at an acute angle relative to a vertical plane; 

a load measuring means for measuring the load 
imparted by the material- to t he ■ we i g h i ng •• me a n s , the load 
measuring means being arranged at substantially the same 
angle as the weigh: ■ g means to neutralise' the effect of 
any frictional forces generated between- the material and 
the weighing means, and the load measuring means being 
operable to generate a first signal representative of 
mass of the material; 

a speed measuring means for measuring the speed 
of flow of the material and for generating a second 
signal which is representative of the speed of flow of 
the material; and 

a processing means for : processing the first 
signal and the second signal to obtain an output signal 
which is representative of mass flow rate of the material. 



5. The apparatus as claimed in claim 4 in which the 

weighing means comprises a weigh chute through which the 
material can pass . 



6. The apparatus as claimed in claim 5 'which 

includes a feed means for feeding the material into the 
weigh chute, at least that portion of the feed means 
arranged adjacent an inlet end of the feed means being at 
substantially the same angle as the weigh cnuce. 
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. e .s as c . a : ~ o c : - c . a : - ; . . 

load ^eas:::^g ~ e a c s comprises a lea,.: r a ^ d .:o e r 
succor :s r. he weigh chu:e . 



s . Tr,e acoa racaS as c i a ; m -a c 

scee: measuring .t, e a r, s comprises a 
h a v i r. g a ::::ed surface c a w h : c h 
: o r a : e ere wheel, - h e wee el :: e : :*. c 
p e e i c h c h u n e \ r. d n h e so 
a rr,cr.i:or ir.q ~e 
3 p e e c o t ro:a::on of :r,e wheel, 
g e r. e r a - i r. g c he said second sicca! 



C ^ a _ , , 



e r. a 



9 . A r.ew apparatus for w e i g : 

of flue^c material substantially 
i 1 1 u s : raced herein, w i c ! 
c i a a r a ~.~ c i c drawincs . 
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AMENDED CLAIMS 

[received by the International Bureau on 05 October 1989 (05.iu.29) 
original claims 1 and 2 replaced by amended claim 1; claims 3 and 9 cancel lod* 
new claims 2 and 2 added; claims 4-6 replaced by amended claim 4; claims 7 
8 replaced by amended claims 5 and 5; 
new claims 7 -10 added (4 pages J J 



1. A method of weighing a con ti nous stream of fluent 

material comprising the steps: 

directing the material onto a feed means which, 
in the direction of flow of the material is arranged in a 
plane at an acute angle relative to a vertical plane at 
least at the outlet thereof, 

feeding the material into a weigh chute which is 
completely arranged in a plane at an acute angle relative 
to a vertical plane, at least the outlet of the feed 
means geing arranged at substantially the same angle as 
the weigh chute, and being co-axially aligned with the 
weigh chute, 

measuring, in a plane substantially parallel to 
the plane in which the weigh chute is arranged, the load 
applied by the material to the weigh chute and generating 
a first signal representative of mass of the material; 

measuring the speed of flow of the material and 
generating a second signal representative of the speed of 
flow of the material; and 

processing the first signal and the second signal 
to obtain an output signal which is representative of 
mass flow rate of the material. 
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2. The method as claimed in claim 1, 
wherein tine lead applied by 
chute is measured by a load 

3. The "method as claimed in claim 1 or 2, 
comprising the steps: 

amplifying the first signal; 

multiplying the amplified first signal and the 
second signal ; 

filtering, scaling and pulse converting the 
mul t ipl i ed signal ; 

indicating the mass flow rate and the 
totalisation of material weighed. 

4. Apparatus for weighing a continous stream of 
fluent material (36) comprising: 

a feed means (23) which, in use, in the direction 
of flow of the material, is arranged in a plane which is 
at an acute angle relative to a vertical plane at least 
at the outlet thereof; 

a weigh chute (12) through which the material can 
pass, which is completely arranged in a plane at an acute 
angle relative to a vertical plane, at least the outlet 
of the feed means (28) being arranged at substantially 
the same angle as the weigh chute (12), and being 
co-axially aligned with the weigh chute (12); 

a load measuring means (14) for measuring the 
load imparted by the material to the weigh chute (12), 
the load measuring neans (14) being arranged at 
substantially the same angle as the weigh chute (12) to 



; e materia^ t 
a n s d u c e r . 
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neutralise the effect of any friction al forces generated 
between the naterial and the weigh chute (12), ami the 
load measuring means (14) being operable to generate a 
first signal representative of mass of the material; 

a speed measuring means (18) for measuring the 
speed of flow of the material and for generating a second 
signal which is r epresenat i ve of the speed of flow of the 
material; and 

a processing means (38) for processing the first 
signal and the second signal to obtain an output signal, 
which is representative of mass flow rate of the material. 

5. The apparatus as claimed in claim 4, 
wherein the load measuring means comprises a lead 
transducer (14) which supports the weigh chute (12). 

6. The apparatus as claimed in claim 4 or 5, 
wherein the speed measuring means (18) comprises a 
speed-measuring wheel (20) ahving a ribbed surface (22) 
on which the material impinges to rotate the wheel, the 
wheel (20) being arranged at an outlet end of the weigh 
chute (12) and the speed measuring means (18) further 
including a monitoring means (24, 26) for monitoring the 
speed of rotation of the wheel, the monitoring means (24, 
26) generating the second signal. 

7. The apparatus as claimed in claim 4, 5 or 6, 
wherein the feed means (28) and the weigh chute (12) are 
made of polished stainless steel. 



v > v ; ■ l two.. 
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£ . Tr.e apparatus as claimed in c 1 a : m £ c r 7 , 

wherein the speed-measuring wheel {20} is made c f 
light-weight material and is mounted on 1 c w - f r i c t i o n 
bearings . 

9. The apparatus as claimed in any cne of claim 
4 to 3, wherein the processing means (38) includes a 
amplifier (4C;, a multiplier (42), and a scaling and 
pulse conversion module ( 44 ) . 

10. The apparatus as claimed in any one of claim 
4 to 9, wherein the outputs of the processing means 
are connected to a mass flow rate meter (46) and to 
display (43) for totalisation of material weighed. 
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STATEMENT UNDER ARTICLE 19 



Amended claims 1 and d nave beer: drafted to net t o r 
distinc'Jisr, the present ; n v e n t : o n o v e r a c c m n : n a t : _ r. o l 
DE- A-29 50 925 and US-A-1 S3 3 0 1 7 cited :n tne Inter- 
national Search Report. 



Amended claims 2 and 3 are as well considered to c e 
distinguish over the combination of the two references 
mentioned above involving an inventive step. 

A me rided claims 5 and 6 correspond to claims 7 and 8 as 
filed and are as well distinguished over a combination of 
the aoove two references. 



Amended claims 7 to 10 have been drafted to oe directed 
on features not shown in any of the above two references. 
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